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ࢫࣛࢫࢺࢫࢱࣥࢻࡢ⡆᫆㍑ṇἲ
A Simple Calibration Procedure for Thrust Stand Measurement
 
୰㔝 ṇ຾ 1),  ྛົ ⪽ 2) 
 
Masakatsu Nakano1) and Akira Kakami2)
 
Abstract: A simple calibration procedure for the impulse measurement using a thrust stand is presented. In this procedure, the oscilla-
tion periods with and without the additional weight of known inertia of momentum are measured to determine the inertia of momen-
tum of the thrust stand arm. Once the inertia of momentum is obtained, the impulse applied to the thrust stand can be calculated from 
the displacement of the thrust stand arm. A comparison of this simple calibration procedure to the one using a force transducer was
conducted. The simple procedure provides fair results and reduces time-consuming calibration processes.

















































ಀᩘࢆ ܿ, ࡤࡡᐃᩘࢆ ݇ ࡜ࡋ㸪᥎ຊ ܨ(ݐ) ࡢⓎ⏕⟠ᡤࢆ୰ᚰ
㍈࠿ࡽ ݈୤ ࡢሙᡤ࡜ࡋ࡚ 
ᅗ 1 ࢫࣛࢫࢺࢫࢱࣥࢻ࡟ࡼࡿ࢖ࣥࣃࣝࢫ ᐃ.
1) ᮾி㒔❧⏘ᴗᢏ⾡㧗➼ᑓ㛛Ꮫᰯ ࡶࡢ࡙ࡃࡾᕤᏛ⛉ ⯟✵ᏱᐂᕤᏛࢥ࣮ࢫ
2) ᐑᓮ኱Ꮫ ᕤᏛ㒊 ᶵᲔタィࢩࢫࢸ࣒ᕤᏛ⛉
45
ܬ ௗమఏ(௧)ௗ௧మ + ܿ
ௗఏ(௧)




࢔࣮࣒ࡢ୰ᚰ࠿ࡽ ᐃⅬࡲ࡛ࡢ㊥㞳ࢆ  ݈௦࡜ࡍࢀࡤኚ఩ࡣ 
ݔ(ݐ) = ݈ୱ sin ߠ(ݐ) ൎ ݈ୱߠ(ݐ)                        (2) 
࡜㏆ఝ࡛ࡁࡿ㸬ᘧ(1)ࡣࢫࣛࢫࢺࢫࢱࣥࢻࡢ࢔࣮࣒ࡢᅛ᭷ゅ
࿘Ἴᩘ࡜⢓ᛶಀ  ᩘ
 ߱଴ = ଶగబ் = ට
௞
௃ ,    ߤ =
௖






ௗ௧ + ߱଴ଶݔ(ݐ) = ܨ(ݐ)
௟౜௟౩
௃                 (4) 
ࡇࡇ࡛㸪᥎ຊⓎ⏕᫬㛫ࡀ ߬ ࡛୚࠼ࡽࢀࡿሙྜ㸪᥎ຊࢆ࢖ࣥ
ࣃࣝࢫ ܫ ࢆ⏝࠸  ࡚
ܨ(ݐ) = ቊ         
ூ
ఛ     (0 ൑ ݐ ൑ ߬)
0    (߬ < ݐ)                                 (5) 
࡜࠾ࡃࡇ࡜ࡀ࡛ࡁࡿ㸬ࢫࣛࢫࢱసື᫬࡟ࢫࣛࢫࢺࢫࢱࣥࢻ
ࡀ㟼Ṇࡋ࡚࠸ࡿ࡜ࡍࡿ࡜㸪ึᮇ᮲௳ࡣ 














sin ߱଴ ቀݐ െ ఛଶቁ   (߬ < ݐ)      







ݔ(ݐ) = ூ௟౜௟౩௃ఠబ sin ߱଴ ݐ                                 (8) 
ࡀᚓࡽࢀ㸪᣺ᖜࡀ࢖ࣥࣃࣝࢫ࡟ẚ౛ࡍࡿࡇ࡜ࡀศ࠿ࡿ㸬ࡲ





























                              (9) 
ࡀィ⟬࡛ࡁࡿ㸬ࡇࡇ࡛㸪ࢫࣛࢫࢱసື᫬ࡢ࢔࣮࣒ࡢኚ఩ࡢ
᣺ᖜ ܣ ࡀィ ࡉࢀࡓ࡞ࡽ㸪࢖ࣥࣃࣝࢫࢆ 
ܫ = ௟ౙ౗ౢ௟౜ ×
ூౙ౗ౢ






















Laser displacement sensor output [V]
y = 0.2077x
R2 = 0.9935






Torsional balanceMoment of Inerti , J
Period, T
Additional weight







































ࣛࢫࢺࢫࢱࣥࢻࡢ࢔࣮࣒㸦័ᛶ࣮࣓ࣔࣥࢺ ܬ + ܬଵ㸧ࡢ࿘ᮇ
 ଵܶࢆ⏝࠸ࡿ㸦ᅗ 2(b)㸧㸬ࡇࡢ࡜ࡁ㸪ᘧ(3)࡜ྠᵝ࡞ᙧࡢ 
ଶగ
భ்












ࣥࢢ≧෇┙㸦㉁㔞 ܯ, እᚄ ܽ, ࡃࡾᢤࡁෆᚄ ܾ㸧ࢆ⨨࠸ࡓሙ
ྜ㸪ࡑࡢ័ᛶ࣮࣓ࣔࣥࢺࡣᖹ⾜㍈ࡢᐃ⌮ࢆ⏝࠸  ࡚





ࢺ ܬ + ܬଵ +  ܬଶ㸧ࡢ࿘ᮇ ଵܶଶࢆィ ࡋ࡚㸪ᘧ(3)࡜ྠᵝ࡞ᙧࡢ 
ଶగ
భ்మ
= ට ௞௃ା௃భା௃మ                               (14) 
ࡀᡂ❧ࡍࡿࡇ࡜ࢆ฼⏝ࡍࡿ㸬ᘧ(3)࡜ୖᘧ࠿ࡽࡡࡌࡾࡤࡡᐃ




                                (15) 
࡛࠶ࡿ㸬஧㏻ࡾ┠ࡣ㸪㗽 1 ࡘ㸦ࢫࣛࢫࢺࢫࢱࣥࢻࡢ࢔࣮࣒
ࡢ័ᛶ࣮࣓ࣔࣥࢺ ܬ + ܬଵ㸧ࢆຍ࠼࡚ィ ࡋࡓ࿘ᮇ ଵܶ࡜㗽 2
ࡘ㸦ࢫࣛࢫࢺࢫࢱࣥࢻࡢ࢔࣮࣒ࡢ័ᛶ࣮࣓ࣔࣥࢺ ܬ + ܬଵ +











































௃                                  (18) 































ଶ + ቀ ୼௃మ௃ା௃భቁ




ቁଶ + ቀ୼ భ்
భ்
ቁଶൠ   (20) 
࡜ホ౯࡛ࡁࡿ㸬࡞࠾㸪ᘧ(20)୍࡛᪉ࡢ㗽ࡢ័ᛶ࣮࣓ࣔࣥࢺࢆ
0 ࡜ࡍࡿ࡜㸪1 ಶࡢ㗽ࢆ⏝࠸࡚ィ⟬ࡋࡓᘧ(19)࡜୍⮴ࡍࡿࡣ
ࡎ࡛࠶ࡿࡀ㸪ᐇ㝿 ܬଵ ՜ 0, οܬଵ ՜ 0,  ଵܶ ՜  ଴ܶ, ο ଵܶ ՜  ο ଴ܶ ࡜



































௃  (22) 
࡜ホ౯࡛ࡁࡿ㸬 
ࡇࡢ࿘ᮇࡢィ ㄗᕪࡢᣑ኱⋡ࢆ㏣ຍࡍࡿ㗽ࡢ័ᛶ࣮࣓ࣔ
ࣥࢺ ܬୟୢୢ ࡟ᛂࡌ࡚ࣉࣟࢵࢺࡋࡓࡶࡢࡀᅗ 3࡛࠶ࡿ㸬ᘧ(22)࡟





ᣑ኱⋡ࡣ ܬଵ = ܬଶ = ܬ/ξ2 ࡛᭱ᑠ್ࢆᣢࡘୗ࡟ฝࡢ᭤⥺࡜࡞





࡚ィ ࡋࡓ࿘ᮇ  ଵܶ, ଵܶଶ ࠿ࡽ័ᛶ࣮࣓ࣔࣥࢺࢆ⟬ฟࡋ㸪ܬ/2 











࡚ᚓࡽࢀࡿ ܫୡୟ୪ ݔ୫ୟ୶Τ  㸦ᘧ(9)࠿ࡽィ⟬ࡍࡿ㸬㸧 
(2) ⡆᫆㍑ṇἲ࡟ࡼࡾᚓࡽࢀࡿຊኚ᥮ჾ఩⨨࡟࠾ࡅࡿ 
ܫୡୟ୪ ݔ୫ୟ୶Τ  (ᘧ(8)࠿ࡽ ௃ఠబ௟౜௟౩ࢆィ⟬ࡋ࡚ᚓࡽࢀࡿ㸬) 
ࢆồࡵ㸪᣺ᖜ࡟ᑐࡍࡿ࢖ࣥࣃࣝࢫࡢឤᗘ ܫୡୟ୪ ݔ୫ୟ୶Τ  ࢆẚ㍑ࡍ







࡛࠶ࡿ㸬ຊኚ᥮ჾ࡟ࡣ PCB Piezotronics ♫〇ࡢ࣑ࢽࢳࣗ࢔
ICP®࣮ࣟࢻࢭࣝ 209C01 ᆺࢆ⏝࠸㸪480E09 ᆺࢩࢢࢼࣝࢥࣥࢹ
࢕ࢩࣙࢼࢆ⏝࠸ࡓ㸬ࡇࡢࢭࣥࢧ࣮ࡢ ᐃ⢭ᗘࡣ ±15%࡛࠶ࡿ㸬
࢔࣮࣒ࡢኚ఩ࡣ࣮࢚࢟ࣥࢫ♫ࡢ LK-500 ࢆ⏝࠸࡚࢔࣮࣒ࡢ୰
ᚰ㍈࠿ࡽ 275 mm࡛ྲྀᚓࡋࡓ㸬 
⡆᫆㍑ṇἲ࡛౑⏝ࡋࡓ㗽ࡣ㸪㉁㔞 2.385 kg࡜ 2.400 kg ࡢ෇
┙≧ࡢ㗽㸦┤ᚄ 173 mm㸪Ꮝᚄ 27 mm㸧࡛㸪࢔࣮࣒ࡢ୰ᚰ㍈












ࣃࣝࢫࡢឤᗘ ܫ ݔ୫ୟ୶Τ ࡣ 4.62±0.10 N·s/mm ࡛࠶ࡾ㸪10 ಶࡢࢹ
࣮ࢱ࠿ࡽᚓࡽࢀࡿᅇᖐ┤⥺ࡢ R2್ࡣ 0.9920࡛࠶ࡗࡓ㸬࡞࠾㸪
ࢭࣥࢧ࣮ࡢ ᐃ⢭ᗘࡀ ±15% ࠶ࡿࡓࡵ㸪ࡑࢀࢆ⪃៖ࡍࡿ࡜࢚




0.0601±0.0005 kg·m2࡛࠶ࡾ㸪 ଶܶ ,  ଴ܶࢆ⏝࠸࡚⟬ฟࡋࡓ័ᛶࣔ









࡜ኚ఩ࡢ㛵ಀ: ܫ ݔ୫ୟ୶Τ = 4.62±0.10 N·s/mm
ᅇᩘ ኚ఩ mm ࢖ࣥࣃࣝࢫ N·s ܫ ݔ୫ୟ୶Τ N·s/mm
1 0.0213 0.0980 4.61
2 0.0188 0.0830 4.43
3 0.0220 0.0986 4.48
4 0.0235 0.110 4.70
5 0.0235 0.111 4.74
6 0.0128 0.0583 4.57
7 0.0108 0.0495 4.60
8 0.0135 0.0635 4.70
9 0.0143 0.0670 4.70
10 0.0140 0.0655 4.69
⾲ 2 ⡆᫆㍑ṇἲࡢࡓࡵࡢ࿘ᮇ ᐃ
ຍ࠼ࡓ㗽 ࿘ᮇ ័ᛶ࣮࣓ࣔࣥࢺ
࢔࣮࣒ࡢࡳ 0.8003±0.0015 s ồࡵࡿᑐ㇟
㗽 1 1.065±0.002 s J1 = 0.04634 kg·m2
㗽 1 ࡜㗽 2 1.286±0.003 s J1 = 0.04634 kg·m
2
J2 = 0.04668 kg·m2
 
ᅗ 3 ࿘ᮇㄗᕪࡢᣑ኱⋡












or 1 weight (Eq.(21))
2 weights (Eq.(22))













ࡓࢫࣛࢫࢺࢫࢱࣥࢻࡢ࢔࣮࣒ࡢ័ᛶ࣮࣓ࣔࣥࢺ  ܬ  ࡣ 
0.06257±0.0011 kg·m2࡛࠶ࡾ㸪ຊኚ᥮ჾ఩⨨࡟࠾ࡅࡿ ܫ ݔ୫ୟ୶Τ  
ࡣ 6.160±0.093 N·s/mm࡜࡞ࡿ㸬
௨ୖ㸪ᚓࡽࢀࡓ⤖ᯝࢆẚ㍑ࡍࡿ࡜㸪⡆᫆㍑ṇἲ࡛ồࡵࡓ 
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